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CHARGE TRANSFER MULTIPLIER AND FILTER 

The present invention relates in general to signal 
processing apparatus comprising charge transfer de 
vices and in particular to charge transfer transversal 
?lters. 

Conventional charge transfer ?lters have had ?xed 
tap weights which are ?xed by photolithographic masks 
used in fabrication thereof. This means that an entirely 
new ?lter must be fabricated for each new application. 
An object of the present invention is to provide a 

structure in which the tap weights of a transversal ?lter 
can be programmed by associated digital apparatus. 
Another object of the present invention is to provide 

a charge splitting device which permits a charge packet 
to be repetitively divided in half, with one half being 
delivered to either of two possible outputs, While the 
other half is retained for further splitting. 
A further object of the present invention is to provide 

a ?lter architecture in which charge packets are pro 
grammably split at each stage, with the split portions 
being separately sensed in an additive manner, such that 
the packets can be recombined and passed to the next 
stage thereby to implement a transversal ?lter. 

In carrying out the invention in one embodiment in 
which a sample of a signal represented by a quantity of 
charge is multiplied by a factor represented by a pair of 
complementary digital words there is provided a sub 
state of semiconductor material of one conductivity 
type. Means are provided for forming a ?rst charge 
storage region of generally elongated outline in the 
substrate including a ?rst storage electrode of generally 
elongated outline insulatingly overlying the ?rst storage 
region. Means are provided for forming a second 
charge storage region of generally elongated outline in 
the substrate including a second storage electrode of 
generally elongated outline insulatingly overlying the 
second storage region. Means are provided for forming 
a barrier region of generally elongated outline in the 
substrate including a barrier electrode of generally elon 
gated outline insulatingly overlying the barrier region, 
one long side of the barrier region being contiguous to 
a long side of the ?rst storage region, the other long side 
of the barrier region being contiguous to a long side of 
the second storage region. The dimensions of the ?rst 
storage region and the second storage region are preset 
whereby when the potential of the barrier region is of 
one value which permits the ?ow of charge there 
through, charge in the ?rst storage region ?ows into the 
second storage region and equilibrates with the charge 
in the ?rst storage region and when the potential of the 
barrier region is of another value which blocks the ?ow 
of charge therethrough the total charge is split into two 
equal parts, one part contained in the ?rst storage re 
gion and the other part contained in the second storage 
region. 
Means are provided for forming a ?rst accumulator 

region of generally elongated outline in the substrate 
including a ?rst accumulator electrode of generally 
elongated outline insulatingly overlying the ?rst accu 
mulator region. Means are provided for forming a sec 
ond accumulator region of generally elongated outline 
in the substrate including a second accumulator elec 
trode of generally elongated outline insulatingly overly 
ing the second accumulator region. Means are provided 
for forming a ?rst transfer region of generally elongated 
outline in the substrate including a ?rst transfer elec 
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2 
trode of generally elongated outline insulatingly overly 
ing the ?rst transfer region, the ?rst transfer region 
having a width equal to substantially one-half of the 
width of the second storage region. One side of said ?rst 
transfer region is contiguous with the other side of the 
second storage region. The other side of said ?rst trans 
fer region is contiguous with one side of the ?rst accu 
mulator region. Means are provided for forming a sec 
ond transfer region of generally elongated outline in the 
substrate including a second transfer electrode of gener 
ally elongated outline overlying the second transfer 
region, the second transfer region having a width equal 
to substantially one-half of the width of the second 
storage region. One side of said second transfer region is 
contiguous with other side of the second storage region. 
The other side of the second transfer region is contigu 
ous with the one side of the second accumulator region. 
A ?rst quantity of charge corresponding to a sample 

of a signal is provided. Introducing means are provided 
for introducing the quantity of charge into said ?rst 
charge storage region. Means are provided for succes 
sively dividing a predetermined number of times the 
quantity of charge into ?rst and second predetermined 
parts, each succeeding second part being at least one 
half the preceding second part, each second part being 
contained in the second storage region. A pair of con 
trol words are provided of the same predetermined 
number of bits equal in number to the predetermined 
times of division corresponding bits of the words being 
complementary. Means are provided for applying suc 
cessive bits of one word starting with the most signi? 
cant bit to the ?rst transfer electrode in synchronism 
with the presence of the second parts of charge in said 
second storage region. Means are provided for applying 
successive bits of the other of the words starting with 
the most signi?cant bit to the second transfer electrode 
in synchronism with the presence of the second parts of 
charge in said second storage region. A bit of one value 
producing a signal of one kind applied to the transfer 
regions enables the transer regions to pass charge there 
through and a complement of the bit of one value pro 
ducing a signal of a different kind applied to said trans 
fer regions inhibits the transfer regions from passing 
charge therethrough, whereby each of the second parts 
of charge is passed to one or the other of the ?rst and 
second accumulator regions. The words are jointly 
coded to provide an ultimate predetermined ratio of 
charge stored in the ?rst and second accumulator re 
gions. Means are provided for sensing the charge stored 
in each of the ?rst and second accumulator regions and 
deriving a signal corresponding to the difference of the 
stored charges. The derived signal represents the multi 
plication of the quantity of charge by the aforemen 
tioned predetermined ratio. 
The features which are believed to be characteristic 

of the present invention are set forth with particularity 
in the appended claims. The invention itself, both as to 
its organization and method of operation, together with 
further objects and advantages thereof may best be 
understood by reference to the following description 
taken in connection with the accompanying drawings in 
which: 
FIG. 1 is a block diagram of signal processing appara 

tus in accordance with an embodiment of the present 
invention. 
FIG. 2 is a plan view of the sampler and the splitter 

stages of the apparatus of FIG. 1. 



4,584,657 
3 

FIG. 3 is a sectional view of the assembly of FIG. 2 
taken along section lines 3-3 thereof. 
FIG. 4 is a diagram showing the values of surface 

potential occurring in the substrate underlying the vari 
ous electrodes of the sampler and splitter stages of FIG. 
2 during the operation thereof. 
FIGS. 5A-5Q are diagrams of voltage versus time 

occurring at various points in the apparatus of FIG. 1. 
Reference is now made to FIG. 1 which shows multi 

plying apparatus 10 for multiplying each of successive 
samples of an analog signal with a series of multiplying 
coef?cients each having a value between +1 and -— 1, 
and each coded in the form of a pair of words corre 
sponding bits of which are complementary. The appara 
tus includes a plurality of charge splitting stages 11 and 
12, only two of which are shown for reasons of simplic 
ity in describing the apparatus and explaining the opera 
tion thereof. The apparatus also includes a sampler 13 
for sampling an analog signal from signal source 14 and 
for providing a sequence of quantities of charge each 
representing a respective sample of the analog signal. 
The series of samples are provided in sequence to the 
?rst splitter stage 11. After a sample is processed in the 
?rst splitter stage it is clocked into the second splitter 
stage 12 where it again is processed and thereafter 
clocked into subsequent splitter cells and processed 
therein. The apparatus 10 also includes a plurality of 
pairs of shift registers, only two pairs of which are 
shown. The ?rst pair comprises shift registers 16 and 17. 
The second pair comprises shift registers 18 and 19. The 
?rst pair of shift registers 16 and 17 is operatively asso 
ciated with the ?rst splitter stage 11. The second pair of 

~‘shift registers 18 and 19 is operatively associated with 
the second splitter stage 12. A memory circuit 20 pro 
vides a plurality of words at its output terminal, each at 
a respective output terminal, only terminals 21 and 22 of 
which are shown as only two pairs of shift registers are 
shown in the apparatus of FIG. 1. The word obtained at 
terminal 21 is applied to shift register 16 and the word 
obtained at terminal 22 is applied to the shift register 18. 
‘The word obtained at terminal 21 is also applied 
through inverter 23 to shift register 17. The word ob 
tained at terminal 22 is also applied through inverter 24 
to shift register 19. The word applied to shift register 17 
is the same as the word applied to shift register 16 ex 
cept that the corresponding bits are complements of the 
bits of the word inserted into shift register 16. Similarly, 
the corresponding bits of the word applied to shift regis 
ter 19 are the complements of the bits of the word ap 
plied to shift register 18. An output circuit 30 compris 
ing reset ampli?ers 31 and 32, signal ampli?ers 33 and 
34 and differential ampli?er 35 is also provided. The 
output circuit 30 is operatively associated with the split 
ter stages 11 and 12. Voltage waveform generator 40 
having a plurality of output terminals provides voltages 
to various electrodes of the sampler, the ?rst and second 
splitter stages, the output circuit 30 and the shift regis 
ters 16-19. The timing of the voltage waveform genera 
tor 40 and the memory circuit 20 is under the control of 
the master clock timer 50. 

Reference is now made to FIGS. 2, 3 and 4 which 
show the sampler 13, and the first splitter stage 11 and 
a portion of the second splitter stage. The sampler and 
the ?rst splitter stage 11 are formed on a common sub 
strate 51 which has a channel portion 52 of uniform 
width adjacent the major surface 53 of the substrate. 
Typically, the substrate 51 may be silicon semiconduc 
tor material of 10 ohm cm. resistivity and P-type con 
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ductivity. Overlying the major surface of the substrate 
51 is a thick insulating member 55 of silicon dioxide 
having a thin portion 56 which is of generally rectangu 
lar outline and lies in registry with the ?rst channel 
portion 52 of the substrate. 
A plurality of ?rst level electrodes 61-72 are pro 

vided on insulating member 55 overlying thin portion 
56 thereof and orthogonal to the length thereof. Each of 
the ?rst level electrodes is of uniform length in the 
direction of the length of the semiconductor channel 
portion 52 and each of the ?rst electrodes extends 
across the thin insulating portion 56 and the bordering 
thick insulating portions 57 of the insulating member 55 
with exceptions to be noted. A thick block of silicon 
dioxide 74 is provided in the center of the channel 52 
spaced between electrodes 66 and a point just beyond 
electrodes 69 and 70. The block 74 divides this portion 
of channel 52 into two channels 52a and 52b, for reasons 
which will be explained below. The electrodes 61 
through 66 are equally spaced along the length of the 
channel 52. Electrodes 67 and 68 are located side by 
side with portions thereof overlying the thick oxide 
member 74, and are connected together. Electrodes 69 
and 70 are arranged side by side. Electrode 69 overlying 
channel portion 52a and electrode 70 overlying channel 
portion 52b. Electrodes 71 and 72 are spaced beyond 
electrodes 69 and 70. A thin layer 58 of insulating mate 
rial, such as silicon dioxide, is provided over the ?rst 
level electrodes 61-72. 
A plurality of second level electrodes 81-89 are pro 

vided over the insulating member 58 with each of the 
second level electrodes insulatingly spaced between 
adjacent ?rst level electrodes. Each of the second level 
electrodes is of substantially uniform extent in the direc 
tion of the length of the channel portion and extends 
entirely over the insulating portion 57 of insulating 
member 55 as Well as over the bordering thick insulat 
ing portions thereof with exceptions to be noted. Insu 
lating members 85 and 86 are arranged side by side 
overlying respective channel portions 52a and 52b and 
having portions extending over the insulating block 
member 74. Terminals 13b, 13 0, 11a, 11b, 11c, 11d, lle, 
11f 11g, 11h, 111', 11]‘, 11k, 11!, 12a, 12b, 12c, and 12d. 
are shown connected to respective electrodes 81, 62, 82, 
62, 83, 63, 84, 65, 85, 86, 67, 68, 69, 70, 88, 71, 89, and 72. 
Adjacent each terminal voltages to be applied thereto 
are referenced. These applied voltages are obtained 
from waveform generator 40 and are shown in FIGS. 
5A-50. Charge packets are generated, stored, trans 
ferred and sensed in the storage regions and the transfer 
region underlying these electrodes. The various poten 
tials of the surface of the channel portion of the sub 
strate which occur at various times in the operation of 
the apparatus are shown in FIG. 4. Some of the elec 
trodes are maintained at a ?xed potential, others of the 
electrodes are varied between two levels of voltage to 
cause the surface potential of the semiconductor surface 
lying thereunder to change in accordance with the 
change in the applied potential. Since physical storage 
regions insulatingly underlying electrodes have a deple 
tion capacitance, and a threshold voltage which is typi 
cally greater than zero, it is normally the case that the 
surface potntial is less than the actual voltage applied 
between the electrode and the substrate. The surface 
potential levels shown in FIG. 4 re?ect this fact, and for 
sake of example, they are shown as being 2 volts below 
the applied potentials shown in FIG. 5. Regions 75. 76, 
and 77 of opposite conductivity type or N-type are 
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formed in the channel regions of the substrate. The 
region 75 is contiguous to the region of the substrate 
underlying the electrode 81 and is connected to termi 
nal 13a. Region 76 is contiguous to both the regions of 
the substrate underlying electrodes 63 and 64. Region 
77 is contiguous to the regions of the substrate underly 
ing electrodes 65 and 66. An electrode 78 is provided on 
the opposite surface of substrate 51 connected to 
ground. 
The sampling stage comprises charge source region 

75, voltage reference electrode 81 and input voltage 
electrode 61. With a ?xed voltage supplied to reference 
electrode 81 a ?xed value of surface potential is pro 
duced in the region underlying this electrode as shown 
in FIG. 4. With input voltage applied to the electrode 
61, the surface potential established in the substrate 
underlying this electrode is more attractive to minority 
carriers than the surface potential underlying the refer 
ence electrode. With the voltage ‘bps applied to the 
region 75, a surface potential is established in this region 
allowing minority carriers in the form of electrons to 
?ow through the region underlying the reference elec 
trode into the region underlying the input electrode 61. 
After a time sufficient for equilibration, voltage ¢FS 
increases to a level such that region 75 becomes more 
attractive to minority carriers than the region underly 
ing the reference electrode. As the voltage on the input 
electrode is greater than the voltage on the reference 
electrode, as shown in FIG. 4, charge ?ows into the 
storage region underlying electrode 61 leaving a quan 
tity of charge therein proportional to the voltage input 
and represented by the difference in level of the surface 
potentials underlying the reference electrode 81 and the 
input electrode 61. 
The d); electrode 82, 41c electrode 62 and 4);)’ elec 

trode 83 comprise a charge transfer substage. When the 
potential on 4m’ and (be electrodes are raised to the 
values indicated in FIG. 4. Charge in the storage region 
underlying electrode 61 flows into the storage region 
underlying ¢c electrode 62. When the potentials on 
electrodes 82 and 62 are lowered to establish zero sur 
face potential underlying these electrodes, charge ?ows 
from the storage region underlying the ¢c electrode 
through the region underlying the (1);)’ electrode, which 
is maintained at ?xed potential, into the ?rst storage 
region of the ?rst splitter cell of the ?rst stage 11. The 
?rst storage region is established by providing a ?xed 
potential to electrodes 63 and 64 which will be referred 
to collectively as the ?rst storage electrode. Region 76 
of N-type conductivity contiguous to the storage re 
gions underlying electrodes 63 and 64 provides high 
conductivity in the storage regions enabling the rapid 
equilibration of charge along the width of these storage 
regions. Electrode 84 constitutes a barrier electrode, the 
potential level thereof may be varied between a high 
and a low level. At low level the surface potential of the 
region underlying electrode 84 blocks the ?ow of 
charge out of the ?rst storage region and at high level 
enables the transfer of charge through this barrier re 
gion into the second storage region underlying elec 
trodes 65 and 66. As in the case of the ?rst storage 
region, a region of N-type conductivity 77 contiguous 
to the storage regions underlying electrodes 65 and 66 
enables the rapid lateral transfer of charge in the storage 
regions. The second storage region is made identical to 
the ?rst storage region underlying electrodes 63 and 64 
so that after a charge packet which has been introduced 
into the ?rst storage region is allowed to partially ?ow 
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6 
into the second storage region by raising the potential 
underlying the electrode 84, thereby enabling the 
charges in the ?rst and second storage regions to equili 
brate, subsequent creation of a barrier between these 
two storage regions by lowering the potential of elec 
trode 84 divides the packet of charge into two equal 
parts. 
The region of the substrate underlying the ?rst accu 

mulator electrode 67 is designated as the ?rst accumula 
tor region and the region underlying the second accu 
mulator electrode 68 is designated as the second accu 
mulator region. These regions are separated in the sub 
strate to provide for the accumulation of charge which 
may be directed to them as determined by the potential 
on the ?rst transfer region underlying ?rst transfer elec 
trode 85 or the potential underlying the second transfer 
region underlying the second transfer electrode 86. 
Either one or the other of the electrodes 85 and 86 has 
a high potential applied thereto to lower the barrier in 
the transfer region underlying these electrodes to trans 
fer charge from the second storage region underlying 
electrodes 65 and 66 to either the storage region under 
lying accumulator electrode 67 or the storage region 
underlying accumulator electrode 68. The voltages 
applied to these electrodes 85 and 86 are complemen 
tary. After a ?rst split or division of the charge packet 
takes place and the divided part is directed to one of the 
two storage regions underlying accumulator electrodes 
67 and 68, the packet of charge remaining in the ?rst 
storage region underlying electrodes 63 and 64 is again 
split by lowering the potential of the barrier region 
underlying electrode 84 allowing the charge to ?ow 
into the second storage region underlying electrode 65 
and 66 and equilibrate therewith. Thereafter, re-estab 
lishing a low voltage on electrode 84 re-establishes the 
barrier between the two storage regions and thus di 
vides the remaining charge into two equal parts, one 
part of which is directed into one of the two storage 
regions underlying accumulator electrodes 67 and 68 
determined by the voltage applied to the terminals 67 
and 68. Operation of the next splitting cycle again splits 
the remainder portion in the ?rst storage region and 
directs it into one of the two storage regions underlying 
accumulator electrodes 67 and 68. Thus, the ?rst di 
vided packet contained in the second storage region 
underlying electrodes 65 and 66 has a value of one-half, 
the second divided packet has a value of one-quarter, 
the third packet has a value of one-eighth. These di 
vided packets are delivered to the storage regions un 
derlying accumulator electrodes 67 and 68 as directed 
by the bits of the word and the inverse of the word 
controlling the potential applied to transfer electrodes 
85 and 86. During the next cycle, the remainder portion 
of the charge representing one-eighth of the initial 
chare is clocked into one or the other of the storage 
regions underlying the electrodes 67 and 68. The differ 
ence in charge contained in these two storage regions 
represents the factor multiplying the charge packet, 
assuming the charge packet has a value of unity for the 
multiplication. By prearranging the make-up of the 
word and inverse word, this multiplying factor may be 
any value from —l to +1, as desired. The packets in 
each of the storage regions are sensed by the output 
circuit 30 and a voltage is developed corresponding to 
the difference in magnitude of these two charge pack 
ets, as will be described below in connection with the 
operation of the apparatus in FIG. 1. After charge has 
been transferred to the regions underlying electrodes 69 
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and 70 for sensing and after sensing, the charges are 
transferred through the transfer substage including elec 
trodes 88, 71 and 89 of the second splitter stage 12 to the 
?rst storage region underlying electrode 72 of the sec 
ond splitter stage. The transferred charge undergoes a 
processing operation the same as the processing opera 
tion in the ?rst splitter cell except in response to a differ 
ent pair of processing words. In the meantime, a second 
sample of charge has been developed by the sampling 
stage 13 and transferred to the ?rst storage region of the 
?rst splitter stage 11 where it is processed in accordance 
with the pair of words that were utilized to process the 
?rst charge packet or sample and provide an output 
representing the product of the charge sample and the 
weighting factor represented by the same complemen 
tary words which have been reinserted into the shift 
registers 16 and 17. 

Referring now to FIG. 1, shift register 16 has input 
terminal 160, output terminal 16b which is connected to 
the stage having the most signi?cant bit of the word 
stored therein, and clocking terminal 160. Shift register 
17 has input terminal 17a, output terminal 17b which is 
connected to the stage having the most signi?cant bit 
stored therein, and a clocking terminal 17c. Shift regis 
ter 18 includes an input terminal 18a, an output terminal 
18b which is connected to the stage having the most 
signi?cant bit of the word stored therein, and the clock 
ing terminal 180. The shift register 19 includes an input 
terminal 19a, an output terminal 19b which is connected 

7 to the stage having the most signi?cant bit of the word 
, stored therein, and a clocking terminal 19c. The appara 
tus of FIG. 1 also includes AND gate 46 having input 
terminals 46a, 46b and an output terminal 46c, AND 
gate 47 having input terminals 47a and 47b and an out 
put terminal 470, AND gate 48 having input terminals 
48a and 48b and an output terminal 480, and an AND 
gate 49 having terminals 490 and 49b and output termi 

» nal 49c. Terminal 16a is connected to terminal 21 of the 
memory 20. Terminal 16b is connected to terminal 46a 

[of AND gate 46. Output terminal 46c is connected to 
terminal 11g of the ?rst splitter stage 11. Input terminal 
180 of shift register 18 is connected to input terminal 22 
of memory 20. Terminal 18b is connected to terminal 
48a of AND gate terminal 48. Output terminal 48:: is 
connected to terminal 12g of second splitter stage 12. 
Input terminal 17a of shift register 17 is connected to 
the output terminal of inverter 23. The input terminal of 
inverter 23 is connected to terminal 21 of memory 20. 
The output terminal 17b is connected to the input termi 
nal 47a of AND gate 47. The output terminal 47c is 
connected to terminal 11h of splitter stage 11. Input 
terminal 190 of shift register 19 is connected to the 
output terminal of inverter 24. Input terminal of in 
verter 24 is connected to terminal 22 of memory 20. 
Output terminal 19b is connected to the input terminal 
49a of AND gate 49. Output terminal 490 is connected 
to terminal 12h of splitter stage 12. 
The voltage waveform generator 40 has an input 

terminal 402 connected to master timer 15 and output 
terminals 40a, 40b, 40c, 40d, 40a 40? 401', 40]‘, 40k, 401, 
40m, 40m and 400. The voltages appearing at these ter 
minals are designated, respectively, tbc’, (be, ¢D', VA, 
VB, Vc, VX. VY, dues, VREF, VcL, (hr and 41112° These 
voltages are shown respectively in FIGS. 5A, 5B, 5C, 
SD, 5E, 5F, 51, 51, SK, SL, SM, SP and SJ. Terminals 
40a-40f are connected to terminals 11a—11fof ?rst split 
ter cell 11 and also to terminals 12a-12? respectively, of 
second splitter cell 12. Terminals 401‘ and 40j are con 
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8 
nected to terminals 111' and 11] of cell 11 and also to 
terminals 121‘ and 12j of cell 12. Terminal 40k is con 
nected to terminal 130 of sampler 13. Terminal 401 is 
connected to terminal 13b. Terminal 40m is connected 
to terminals 160, 17c, 18c and 190 of shift registers 16, 17, 
18 and 19. Terminal 40n is connected to terminals 46b, 
48b, 47b an 49b of AND gates 46, 47, 48 and 49. 
The reset circuit 31 includes a transistor 36 having a 

source 36a, a drain 36b and a gate 360. The source 3612 
is connected to terminals 11k and 12k of splitter stages 
11 and 12. The drain 36b is connected to a source of 
reset potential VR. The gate 36c is connected to termi 
nal 400 of waveform generator 40 at which reset volt 
age ¢R appears. The reset circuit 32 includes a transistor 
37 having a source 37a, a drain 37b and a gate 37c. The 
source 370 is connected to terminals 11! and 12]. The 
drain is connected to VR a source of reset potential. The 
gate 37c is connected to terminal 400 which provides 
reset voltage ring. The source 36a is also connected to 
the gate of ampli?er 33 and the source 370 is connected 
to the gate of ampli?er 34. The output of the ampli?er 
33 is applied to noniverting terminal 350 of differential 
ampli?er 35. The output of ampli?er 34 is applied to the 
inverting terminal 35b of differential ampli?er 35. An 
output Sam is provided at output terminal 35c of the 
differential ampli?er 35. 
A single cycle of operation of the ?rst splitter stage 

11 of the apparatus of FIG. 1 will now be described 
referring to FIGS. 2, 3, 4 and 5A-5Q. It is assumed that 
three splitting operations will be performed in the ?rst 
splitting stage thus forming from a packet charge sup 
plied to the ?rst splitter stage packets of value one-half, 
one-quarter, one eighth and a remainder packet of value 
one-eighth. The weighting factor of the ?rst splitter 
stage has been set at two-eighths. Accordingly, the 
packets of one-half value and one-eighth value would 
have to be directed to the accumulator region underly 
ing electrode 67 and the packet of value one-fourth and 
the remainder packet of value one-eighth would have to 
be directed into the accumulator region underlying 
electrode 68. If the packets stored in these accumulator 
regions are sensed and the difference of these two pack 
ets obtained, a resulting signal would be obtained which 
is proportional to two-eighths of the original signal, as 
desired. To achieve this result, the word inserted in the 
shift register 16 is 1010 with the most signi?cant bit 
directing the transfer of the packet of one-half value to 
the accumulator region 67 underlying electrode 67 and 
also directing the transfer of third fractional portion of 
the original packet to the accumulator region underly 
ing electrode 67. The inverse of the word supplied to 
shift register 16 would be inserted in the shift register 17 
and would be 0101. Thus, the second fractional portion 
and the remainder portion would be directed to the 
accumulator region underlying electrode 68. 
During a ?rst period P1, the potential on the region 

75, is 4 volts and the potential on the surface region 
underlying the reference electrode 81 is 2 volts. Ac 
cordingly, no charge can ?ow from the region 75 
through the region underlying electrode 81. During 
period P2, potential of the region 75 is lowered to 0 
volts thereby enabling minority carrier charge in the 
form of electrons to ?ow through the reference region 
underlying reference electrode 81 into storage region 
underlying electrode 61. The potential at the surface of 
the region underlying electrode 61 is dependent on the 
voltage applied to electrode 61. This voltage can vary 
from 4 to 6 volts producing a corresponding change in 
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surface potential in the region underlying this electrode 
of 2 to 4 volts. The voltage appearing during time per 
iod P3 is at some intermediate value, for example, 3 
volts. Thus, the charge which has ?owed into this re 
gion spills out of this region until the surface potential of 
this region equilibrates with the surface potential of 2 
volts underlying electrode 81. The quantity of charge 
contained in this region represents a sample of the input 
signal at this time. During the interval P4 and P5, the 
voltage on the electrodes 82 and 62 is raised thereby 
enabling the packet of charge in the potential well un 
derlying electrode 61 to ?ow into the potential well 
underlying the electrode 62. During the time interval 
P6 potential on electrodes 82 and 62 is lower thereby 
enabling the charge to be transferred to the ?rst storage 
region underlying the electrodes 63 and 64. The charge 
packet also ?ows into the second storage region under 
lying the storage electrodes 65 and 66 as the voltage on 
the barrier electrode 84 is at its high value of 8 volts. 
During the time periods P7-P9, the voltage on electrode 
84 is lowered splitting the packet contained in the ?rst 
and second storage regions into two equal parts. One 
half of the packet is contained in the first storage region 
underlying electrodes 63 and 64 and the other half of 
the packet is contained in the second storage region 
underlying the electrodes 65 and 66. During time period 
P3, a pulse obtained from the output of the AND gate 46 
is applied to electrode 85 and no pulse is applied from 
AND gate 47 to electrode 86. Thus, the split packet is 
directed into the storage region underlying the elec 
trode 67. During the period P10, the potential on the 
barrier gate 84 is raised to 8 volts thereby allowing the 
packet of value one-half of the original packet to par 
tially ?ow into the second storage region underlying 
the electrodes 65 and 66 where it is split after equilibra 
tion upon lowering of the potential of the region under 
lying the barrier gate 84 during time period P11. This 
packet one-fourth the size of the original packet is di 
rected into the storage region underlying the electrode 
68 as the potential applied to electrode 86 of the splitter 

- , stage 11 from the AND gate 47 raises the surface poten 
tial of the transfer region underlying this gate allowing 
the charge to ?ow into the storage region underlying 
the electrode 68. During the time period P14, the poten 
tial on the barrier gate 84 is again raised and then low 
ered during the time interval P16 to cause the packet of 
one-quarter the size of the original packet to be split into 
two packets, each one-eighth the size of the original 
packet, one contained in the storage region underlying 
electrodes 63 and 64 and the other packet contained in 
the second storage region underlying the electrodes 65 
and 66. During period P16, transfer gate 85 is actuated 
and the transfer gate 86 remains unactuated. Accord 
ingly, this packet ?ows into the storage region underly 
ing the electrodes 67. During the time period P17, the 
potential on the barrier gate 84 is raised to 8 volts. Also 
during time period P17, the potential on the ?rst storage 
electrodes 63 and 64 is lowered from 6 to 5 volts causing 
the entire remaining charge packet to ?ow into the 
second storage region underlying the electrodes 65 and 
66. When the barrier underlying the transfer gate 86 is 
lowered during time interval P20, this charge flows into 
the storage region underlying the electrode 68. 
The manner in which the transfer voltages VD and 

V E of FIGS. 5G and 5H applied to electrodes 85 and 86 
are derived for controlling the channeling of charge 
into the source region underlying the electrode 67 and 
the electrode 68 of the ?rst splitter stage will be de 
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10 
scribed in connection with FIGS. 5M, SN, 50 and SP. 
During the time intervals, P10, P14 and P13 and P22 
clocking pulses are applied to shift registers 16 and 17. 
Bits stored in the shift register 16 at period P9 starting 
with the most signi?cant bit ?rst are 1010. Also, bits 
stored in the shift register 17 at this time starting with 
the most signi?cant bit are 0101. The successive clock 
ing of the shift register 16 produces the waveform 
shown in FIG. 5N where up until the period P9 a “one” 
corresponding to the high level appears at the output 
terminal 16b. The output changes to low, high, low and 
high in response to the clocking pulses of FIG. 5M. 
Similarly, during the time interval P9, the levels appear 
ing at the output terminal 17b are low. During subse 
quent clocking by the pulses of FIG. 5M, the output 
shifts to high, low, high and low. The output wave 
forms shown in FIG. 5N and in 50 are “anded” with 
the waveform ¢T shown in FIG. 5P in the AND gates 
46 and 47 to produce the waveform VD as shown in 
FIG. 5G and the waveform VE shown in FIG. 5H. 
During the period P20, a reset voltage rim is applied to 

the gates of reset transistors 36 and 37. The voltage on 
electrodes 69 and 70 is 6 volts and sets the surface po 
tential on the regions underlying these electrodes at 
time interval P21. The potential on the electrodes 67 and 
68 is lowered to 0 volts thereby enabling the charge 
stored in the regions underlying these electrodes to ?ow 
into the storage regions underlying the electrodes 69 
and 70 (FIG. 5Q) causing the potential thereof to 
change. These changes in potential appearing on the 
source electrodes 36a and 370 are applied to the output 
ampli?ers 33 and 34 and then to differential ampli?er 35 
which provides at its output terminal 350 a voltage 
corresponding to the difference in these two values of 
charge. Thus, by the cycle of operation described, a 
sample of an analog signal has been multiplied by a 
weighting factor of one-fourth. During the next cycle of 
operation, periods P22 through P43, the packets of 
charge underlying electrodes 69 and 70 are combined 
and transferred to the ?rst storage region of the second 
splitter stage 12 where it undergoes processing similar 
to the processing in the ?rst splitter stage 11. Of course, 
the weighting factor would be different as represented 
by the pair of complementary words cycled through the 
shift registers 18 and 19. In the meantime, a second 
sample of the analog signal is obtained by the sampler 
13, and passed into the ?rst splitter stage where the 
same sequence of operations occur as described in the 
?rst cycle except that now they are performed on a 
different packet of charge. During the third cycle of 
operation, the second packet of charge is passed on to 
the second splitter stage 12. In the meantime, the charge 
packet that was processed in the second splitter stage is 
passed on to the next splitter stage (not shown). During 
these operations, the words in the shift registers 16 and 
17 are essentially recycled. Also, the words in the sec 
ond shift registers 18 and 19 are recycled. Thus, the 
weighting factors associated with the ?rst splitter cell is 
?xed, the weighting factor associated with the second 
splitter cell is ?xed and so on, while only the packet of 
charge undergoing the splitting operation is moved 
from one splitter cell to the next splitter cell. All of the 
outputs of electrode 69 of all of the stage are added and 
appear at the noninverting terminal of the differential 
amli?er 35 and all of the outputs at electrode 70 of all of 
the stages are added and appear at the inverting termi 
nal of the differential ampli?er 35. Thus, the output Sou, 
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apparing at the terminal 350 of output ampli?er 35 may 
be represented by the following equation: 

N (1) 
SauKtm) = 2 hnVin(lm — RTc), 

n+1 

where 
V», (tj) represents the input signal at the j''' sampling 

time, 
t,,, represents time of the m''' sample, 
Tc represents the period of clocking of charge sam 

ples from one stage to the next stage, 
n represents the stage number, 
N represents the total number of stages, and 
h” represents the weighting factor of the nth stage. 
While in the apparatus of FIG. 1 only two splitter 

stages were shown, it will be understood that any num 
ber of such splitter stages with corresponding pairs of 
shift registers may be used, as desired. 
While a pair of four bit words provided the weighting 

factor, word of a larger number of bits can be utilized to 
provide weighting factors of higher resolution, as de 
sired. 
While the ?lter of FIGS. 1, 2 and 3 has utilized 

charge transfer devices in which charge storage and 
transfer occurs in cells adjacent the surface of the semi 
conductor substrate, the present invention may be im 
plemented with cells of opposite conductivity type 
regions. Structures of this type,'commonly referred to 
as buried channel charge transfer devices, described in 
US. Pat. No. 3,902,187, assigned to the assignee of the 

_ present invention and incorporated herein by reference 
' thereto. In such buried channel charge transfer devices 
charge storage and transfer occurs in cells below the 
surface of the semiconductor substrate. Implementation 
of prior art charge transfer ?lters with buried channel 
devices has particular advantages with respect to high 

' speed operation, but suffers from nonlinearities result 
“ing from the variable capacitance between the charge 
storage cells and their associated overlying electrodes. 
While in the embodiment shown, the charge was 

divided into two equal parts, it is apparent that other 
division ratios, could be implemented. As long as the 
?rst part is larger than the second part, any coef?cient 
between —-1 and 1 can be implemented. An unequal 
division ratio may be desired in order to assure that 
splitting ratios near 0.5 can be attained. 
While the invention has been described in a speci?c 

embodiment, it will be understood that modi?cations, 
such as those described above, may be made by those 
skilled in the art, and it is intended by the appended 
claims to cover all such modi?cations and changes as 
fall within the true spirit and scope of the invention. 
What is claimed is: 
1. A multiplying cell for multiplying a sample of a 

signal represented by a quantity of charge by a factor 
represented by a pair of complementary digital words 
comprising: 

a substrate of semiconductor material of one conduc 
tivity type; 

means for forming a ?rst charge storage region of 
generally elongated outline in said substrate includ— 
ing a ?rst storage electrode of generally elongated 
outline insulatingly overlying said ?rst storage 
region, 

means for forming second charge storage region of 
generally elongated outline in said substrate includ 
ing a second storage electrode of generally elon 
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gated outline insulatingly overlying said second 
storage region, 

means for forming a barrier region of generally elon 
gated outline in said substrate including a barrier 
electrode of generally elongated outline insulat 
ingly overlying said barrier region, one long side of 
said barrier region being contiguous to a long side 
of said ?rst storage region, the other long side of 
said barrier region being contiguous to a long side 
of said second storage region, 

the dimensions of said ?rst storage region and said 
second storage region being preset whereby when 
the potential of said barrier region is of one value 
which permits the flow of charge therethrough, 
charge in said ?rst storage region ?ows into said 
second storage region and equilibrates with the 
charge in said ?rst storage region and when the 
potential of said barrier region is of another value 
which blocks the flow of charge therethrough the 
total charge is split into two predetermined parts, 
one part contained in said ?rst storage region and 
the other part contained in said second storage 
region, ' 

means for forming a ?rst accumulator region of gen 
erally elongated outline in said substrate including 
a ?rst accumulator electrode of generally elon 
gated outline insulatingly overlying said ?rst accu 
mulator region, 

means for forming a second accumulator region of 
generally elongated outline in said substrate includ 
ing a second accumulator electrode of generally 
elongated outline insulatingly overlying said sec 
ond accumulator region, 

means for forming a ?rst transfer region of generally 
elongated outline in said substrate including a ?rst 
transfer electrode of generally elongated outline 
overlying said ?rst transfer region, said ?rst trans 
fer region having a width equal to substantially 
one-half of the width of said second storage region, 
one side of said ?rst transfer region being contigu 
ous with the other side of said second storage re 
gion, the other side of said ?rst transfer region 
being contiguous with one side of said ?rst accu 
mulator region, 

means for forming a second transfer region of gener 
ally elongated outline in said substrate including a 
second transfer electrode of generally elongated 
outline overlying said second transfer region, said 
second transfer region having a width equal to 
substantially one-half of the width of said second 
storage region, one side of said second transfer 
region being contiguous with the other side of said 
second storage region, the other side of said second 
transfer region being contiguous with one side of 
said second accumulator region, 

means for providing a ?rst quantity of charge corre 
sponding to a sample of a signal, 

introducing means for introducing said quantity of 
charge into said ?rst charge storage region, 

means for successively dividing a predetermined 
number of times said quantity of charge into ?rst 
and second predetermined parts, each succeeding 
second part being at least one-half the preceding 
second part, said second parts being contained in 
said second storage regions, 

means for providing a pair of control words of the 
same predetermined number of bits equal in num 
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her to said predetermined times of division, corre 
sponding bits of said words being complementary, 

means for applying successive bits of one word start 
ing with the most signi?cant bit to said ?rst transfer 
electrode in synchronism with the presence of said 
second parts of charge in said second storage re 
gion, 

means for applying successive bits of the other of said 
words starting with the most signi?cant bit to said 
second transfer electrode in synchronism with the 
presence of said second quantities of charge, 

a bit of one value producing a signal of one kind 
applied to said transfer regions enabling said trans 
fer regions to pass charge therethrough and a com 
plement of said bit of one value producing a signal 
of a different kind applied to said transfer regions 
inhibiting said transfer regions from passing charge 
therethrough, whereby each of said second parts of 
charge is passed to one or the other of said ?rst and 
second accumulator regions, 

said words being jointly coded to provide an ultimate 
predetermined ratio of charge stored in said ?rst 
and second accumulator regions, 

means for sensing the charge stored in each of said 
?rst and second accumulator regions, and deriving 
a signal corresponding to the difference of said 
stored charges, said signal representing the multi 
plication of said quantity of charge by said prede 
termined ratio. 

2. The multiplying cell of claim 1 in which 
said dividing means divides said quantity of charge 

into ?rst and second predetermined parts, each 
succeeding second part being at least one-half the 
preceding second part, and a remainder part consti 
tuting the last second part, said second parts being 
contained in said second storage region, and 

in which said control word providing means provides 
a pair of control words of the same predetermined 
number of bits equal in number to said predeter 
mined times of division plus one, corresponding 
bits of said words being complementary. 

3. The multiplying cell of claim 1 in which said ?rst 
predetermined part and said second predetermined part 
of charge are equal. 

4. In combination, 
a substrate of semiconductor material of one conduc 

tivity type; 
means for forming a ?rst charge storage region of 

generally elongated outline in said substrate includ 
ing a ?rst storage electrode of generally elongated 
outline insulatingly overlying said storage region, 

means for forming second charge storage region of 
generally elongated outline in said substrate includ 
ing a second storage electrode of generally elon 
gated outline insulatingly overlying said second 
storage region, 

means for forming a barrier region of generally elon 
gated outline in said substrate including a barrier 
electrode of generally elongated outline insulat 
ingly overlying said barrier region, one long side of 
said barrier region being contiguous to a long side 
of said ?rst storage region, the other long side of 
said barrier region being contiguous to a long side 
of said second storage region, 

the dimensions of said ?rst stoage region and said 
second storage region being preset whereby when 
the potential of said barrier region is of one value 
which permits the flow of charge therethrough, 
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14 
charge in said ?rst storage region flows into said 
second storage region and equilibrates with the 
charge in said ?rst storage region and when the 
potential of said barrier region is of another value 
which blocks the ?ow of charge therethrough the 
total charge is split into two predetermined parts, 
one part contained in said ?rst storage region and 
the other part contained in said second storage 
region, 

means for forming a ?rst accumulator region of gen 
erally elongated outline in said substrate including 
a ?rst accumulator electrode of generally elon-» 
gated outline insulatingly overlying said ?rst accu 
mulator region, 

means for forming a second accumulator region of 
generally elongated outline in said substrate includ 
ing a second accumulator electrode of generally 
elongated outline insulatingly overlying said sec 
ond accumulator region, 

means for forming a ?rst transfer region of generally 
elongated outline in said substrate including a ?rst 
transfer electrode of generally elongated outline 
overlying said ?rst transfer region, said ?rst trans 
fer region having a width equal to substantially 
one-half of the width of said second storage region, 
one side of said ?rst transfer region being contigu 
ous with the other side of said second storage re 
gion, the other side of said ?rst transfer region 
being contiguous with one side of said ?rst accu 
mulator region, 

means for forming a second transfer region of gener 
ally elongated outline in said substrate including a 
second transfer electrode of generally elongated 
outline overlying said second transfer region, said 
second transfer region having a width equal to 
substantially one-half of the width of said second 
storage region, one side of said second transfer 
region being contiguous with the other side of said 
second storage region, the other side of said second 
transfer region being contiguous with one side of 
said second accumulator region. 

5. The combination of claim 4 in which said ?rst 
storage region includes a region of opposite conductiv 
ity type extending along the width thereof and in which 
said second storage region includes a region of opposite 
conductivity type extending along the width thereof. 

6. The combination of claim 4 in which said two 
predetermined parts of charge are equal. 

7. A transversal ?lter comprising: 
a substrate of semiconductor material of one conduc 

tivity type, 
a plurality of multiplying stages connected in series, 

each stage including: 
means for forming a ?rst charge storage region of 

generally elongated outline in said substrate includ 
ing a ?rst storage electrode of generally elongated 
outline insulatingly overying said ?rst storage re 
gion, 

means for forming second charge storage region of 
generally elongated outline in said substrate includ 
ing a second storage electrode of generally elon 
gated outline insulatingly overlying said second 
storage region, 

means for forming a barrier region of generally elon 
gated outline in said substrate including a barrier 
electrode of generally elongated outline insulat 
ingly overlying said barrier region, one long side of 
said barrier region being contiguous to a long side 
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of said ?rst storage region, the other long side of 
said barrier region being contiguous to a long side 
of said second storage region, 

the dimensions of said ?rst storage region and said 
second storage region being substantially the same 
whereby when the potential of said barrier region 
is of one value which permits the ?ow of charge 
therethrough, charge in said ?rst storage region 
flows into said second storage region and equili 
brates with the charge in said ?rst storage region 
and when the potential of said barrier region is of 
another value whick blocks the flow of charge 
therethrough the total charge is split into two equal 
parts, one part contained in said ?rst storage region 
and the other part contained in said second storage 
region, 

means for forming a ?rst accumulator region of gen 
erally elongated outline in said substrate including 
a ?rst accumulator electrode of generally elon 
gated outline insulatingly overlying said ?rst accu 
mulator region, 

means for forming a second accumulator region of 
generally elongated outline in said substrate includ 
ing a second accumulator electrode of generally 
elongated outline insulatingly overlying said sec 
ond accumulator region, 

means for forming a ?rst transfer region of generally 
elongated outline in said substrate including a ?rst 
transfer electrode of generally elongated outline 
overlying said ?rst transfer region, said ?rst trans 
fer region having a width equal to substantially 
one-half of the width of said second storage region, 
one side of said ?rst transfer region being contigu 
ous with the other side of said second storage re 
gion, the other side of said ?rst transfer region 
being contiguous with one side of said ?rst accu 
mulator region, 

means for forming a second transfer region of gener 
ally elongated outline in said substrate including a 
second transfer electrode of generally elongated 
outline overlying said second transfer region, said 
second transfer region having a width equal to 
substantially one-half of the width of said second 
storage region, one side of said second transfer 
region being contiguous with the other side of said 
second storage region, the other side of said second 
transfer region being contiguous with one side of 
said second accumulator region, 
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means for forming a plurality of packets of charge, 

each packet representing a respective sample of an 
analog signal, 

means for successively introducing each of said quan 
tities of charge in sequence into the ?rst storage 
regions of each of said multiplying sages, 

each of said multiplying stages including: 
means for successively dividing a predetermined 
number of times a respective quantity of charge 
into ?rst and second equal parts, each succeeding 
second part being one-half the preceding second 
part, and a remainder part constituting the last 
second part, said second parts being contained in 
said second storage region, 

means for providing a plurality of pairs of control 
words of the same predetermined number of bits 
equal in number to said predetermined times of 
division plus one, corresponding bits of said words 
being complementary, 

means for applying a signal in response to successive 
bits of one word of each of said pairs of words 
starting with the most signi?cant bit to the ?rst 
transfer electrode of a respective cell in synchro 
nism with the presence of said second parts of 
charge in said second storage region, 

means for applying a signal in response to successive 
bits of the other of said words of each of said pairs 
of words starting with the most signi?cant bit to 
said second transfer electrode of a respective cell in 
synchronism with the presence of said second parts 
of charge in said second storage region, 

a bit of one value providing a signal of one kind ap 
plied to said transfer regions enabling said transfer 
regions to pass charge therethrough and a comple 
ment of said bit of one value producing a signal of 
a different kind applied to said transfer regions 
inhibiting said transfer regions from passing charge 
therethrough, whereby each of said second parts is 
passed to one or the other of said ?rst and second 
accumulator regions of a respective cell, 

each of said words being jointly coded to provide a 
respective ultimate predetermined ratio of charge 
stored in said ?rst and second accumulator regions, 

means for sensing the sum of the charges stored in 
said ?rst accumulator regions, 

means for sensing the sum of the charges stored in 
said second accumulator regions, and 

means for deriving a signal representing the differ 
ence in said sums of stored charges. 

ill it it * lk 


